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Analysis of seismic capacity reliability for RC columns

with tension failureunder different design reinforcement

Jiang Youbao , Zhou Hao . Cao Qing. Huang Xingxing. Fu Tao
(School of Civil Engineering and Architecture,Changsha University of Science and Technology ., Changsha 410004, P. R. China)

Abstract; To explore the influence laws of random eccentricity on seismic capacity reliability of RC columns
with design reinforcements, the failure function and the formula of the influence coefficient of
reinforcement are obtained and expressed by multiple normalized design parameters with an analytical
method. Based on the requirements on column reinforcement in codes, the variation laws of the influence
coefficient of reinforcement are analyzed with multiple design parameters(e. g. load effect ratios) within
common ranges. Considering the random properties of eccentricity and the prescribed probability models of
horizontal earthquake action, vertical gravity load, concrete strength and steel strength, etc. , the seismic
capacity reliability is obtained for RC columns with tension failure by the Monte Carlo method. The results

indicate that the variations of the influence coefficient of reinforcement are large for different combination
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cases of design parameters; the seismic capacity reliability is improved less with the increase of

reinforcement for the columns with a smaller influence coefficient of reinforcement; the reliability is

improved dramatically with the increase of reinforcement for the columns with a larger influence coefficient

of reinforcement.

Keywords: RC columns; column moment; random eccentricity; design reinforcement; Monte Carlo method;

seismic reliability
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Fig. 1 Plane configurations for frames
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Table 1 Design information on beams and columns in frame structures
el FERRA WHRRA REELIREES YmEES  HJE/mm HAE R AR AR R
KJ-1 300 mmX800 mm 250 mmX600 mm C30 HRB400 100 650 mmX650 mm 700 mm X700 mm
KJ-2 250 mmX600 mm C30 HRB335 120 500 mmX500 mm 500 mm X500 mm
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Table 2 py values for frame columns with

different fortification intensities

MR R MR

KZ2 KZ3 KZ4 KZz KZ5 KZ6

8 EX 0.01 —0.34 0.02 —0.15 —0.24 —0.09
1
(0.3g) EY —0.26 0.01 0.02 —0.29 0 0
EX —0.02 —0.23 —0.01 —0.10 —0.19 —0.06
4(3)
(0.3g) EY —0.19 0 —0.01 —0.21 0 0
8 EX 0.01 —0.22 0.01 —0.10 —0.16 —0.06
1
(0.2g) EY —0.18 0.01 0.01 —0.19 0 0
EX —0.01 —0.15 —0.01 —0.07 —0.12 —0.04
4(3)
(0.2g) EY —o0.12 0 0 —0.14 0 0
7 EX 0 —0.11 0.01 —0.05 —0.08 —0.03
1
(0.1g) EY —0.09 0 0.01  —0.10 0 0
EX —0.01 —0.08 0 —0.03 —0.06 —0.02
4(3)
(0.1g) EY —0.06 0 0 —0.07 0 0
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Table 3 7 values for typical frame structures of anti-seismic Grade 1

KJ-3 KJ-4
J2EL K72 KZ3 KZ4 KZ2 KZ5 KZ6

EX EY EX EY EX EY EX EY EX EY EX EY
1 1.57 1.82 1.81 1.58 1. 60 1. 65 1.63 1.87 1. 88 1.59 1.70 1. 66
2 1.52 1.81 1.78 1.53 1.59 1. 64 1.67 1.95 1. 97 1.62 1.77 1.74
3 1.51 1.78 1.75 1.52 1.53 1.62 1. 64 1.91 1.93 1. 60 1.73 1.68
4 1.49 1.75 1.72 1.51 1.51 1. 60 1.56 1.83 1. 85 1.57 1.67 1. 64
5 1.48 1. 64 1.62 1. 54 1.49 1.55 1.48 1.74 1.77 1.48 1.58 1.59
6 1.54 1.61 1.58 1.71 1.48 1.70 1.57 1.57 1.59 1. 65 1.55 1. 64
7 1. 86 1.57 1.55 2.07 1.73 2.02
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Table 4 Combination numbers satisfying the requirements of reinforcement ratio 0. 8% ~4% in No. 1~No. 180

7 TH1

T2

71,86,87,88,89,90,101,102,103,104,111,112,116,117,118,
119,120,126,127, 128,129,130, 141,142, 143, 144, 145, 146,

86,87,88,89,90,101, 102,103, 104,111, 112, 116, 117, 118,
119,120,126,127,128,129,130, 141,142,143, 144, 145, 146,

L2 147,148,149,150, 151,152, 153,156,157, 158,159,160, 166,  147,148,149,150,151,152,153,154,155,156, 157,158,159,
167,168,169,170 160,166,167,168,169,170
71,72,86,87,88,89,90,101,102,103,104,105,111,112,113,  71,86,87,88,89,90,101,102,103,104,105,111,112,113,114,

. 116,117,118,119, 120,126,127, 128,129,130, 141,142,143, 115,116,117,118,119,120,125,126,127,128,129, 130, 141,

L3 144,145,146,147,148,149,150,151,152, 153,154,155, 156, 142,143,144, 145,146,147,148,149,150, 151,152,153, 154,
157,158,159,160,166,167,168,169,170 155,156,157,158,159,160,166,167,168,169,170
71,72,73,74,86,87,88,89,90,101, 102,103, 104,105,111, 71,72,73,74,85,86,87,88,89,90,101,102,103,104,105,111,
112,113,114,115,116,117,118,119,120,121,126,127,128, 112,113,114,115,116,117,118,119,120,121,124,125,126,

Lo 129,130,136,141,142, 143,144,145, 148,149,150, 151,152,  127,128,129,130,136,141,142,143,144,145, 147,148,149,
153,154,155,158,159,160,166,167,168,169,170 150,151,152,153,154,155,160,166,167,168,169,170
71,72,73,74,75,81,85,86,87,88,89,90,96, 101,102,103, 45,71,72,73,74,75,81,84,85,86,87,88,89,90,96,101,102,
104,105,111,112,113,114,115,118,119,120, 121,122,123, 103,104,105,111,112,113,114,115,118,119,120, 121,122,

L7 124,125,126,127,128,129,130,136, 137,141,142, 143,144, 123,124,125,126,127,128,129,130,136,137,141, 142, 143,
145,151,152,153,154,155,166,167,168,169,170 144,145,151,152,153,154,155,166,167,168,169
41,56,71,72,73,74,75,81,82,83,84,85,86,87,88,89,90,96,  44,45,56,71,72,73,74,75,81,82,83,84,85,86,87,88,89,90,

19 97,98,101,102,103,104,105,106,111,112,113,114,115,121,  96,97,101,102,103,104,105,111,112,113,114,115,121,122,

122,123,124,125,126,127,128,129, 130,136,137, 138,139,
141,142,143,144,145,151,152,153,154,155,167,168,169

123,124,125,126,127,128,129,136, 137,138,139, 141, 142,
143,144,145,151,152,153,154,155

x5 BEHTMEHMNHENREE
Table 5 Mean and standard deviation values of

the corresponding influence coefficients of reinforcement

TH 1 T 2
7
/U o2 M 22

1.2 0.422 0. 285 0.420 0.275
1.3 0.451 0.308 0. 444 0.301
1.5 0.471 0.303 0.469 0. 331
1.7 0. 415 0.219 0. 415 0.218
1.9 0.428 0.243 0. 435 0. 247
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AN E M 2 53 RN — AN R T 0..05) X Al 5

JESL R B/ T o AR B AN 25 1. ] & BE O3 AT I
JERYFEPLAS A GE T S RO 6.,

x6 HIZENMERITSH
Table 6 Probability statistics of random variables
g g3 A1 e K 5 3
g/ gx EA 1.08 0.10 [7]
q/qx AEREL 1.06 0. 30 [7]
Se/ fek EA 1.41 0.19 [16]
Lyl EZ 1.14 0.07 [16]
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iR XTSI IE . R Monte Carlo J5 i
HHSRAS M ] S48 4R g WKl 2~7,
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Table 7 Six smallest ¢ values and its combinations for load case 1 x
A& 7=1.2 7=1.5 =17 7=1.9 34 : . *
== @ No. @ No. [ No. © No. Q 3.1 ;’
CS1 0.152 88 0.103 121 0.104 85 0.112 41 2.8 ¥ 3
CS-2 0.156 89  0.155 74 0.105 123 0.115 83 25 v
CS-3 0.162 87 0.178 73 0.109 124 0.119 84 22
CS4 0.164 71 0.201 115 0.115 122 0.125 82 A -

CS5 0.169 112  0.211 72 0.116 81 0.138 85
CS6 0.170 153 0.215 114 0.128 125 0.142 123

£8 TR2WMOANBNN o RMENAGHES

Table 8 Six smallest ¢ values and its combinations for load case 2

A _ — N _ —
il =12 7=1.5 p=1.7 7=1.9
= @ No. 19 No. @ No. @ No.
CS-1 0.155 112 0.102 121 .105 81 0.108 44

CS-2 0.162 87 0.116 124
CS-3 0.166 88 0.116 85
CS4 0.168 155 0.149 125
CS-5 0.171 154 0.153 74
CS6 0.172 86 0.166 73

111 45 0.130 82
118 84 0.135 83
132 122 0.140 81
137 123 0.142 45
142 121 0.154 84

o O O O O O

HI P 2~4 Al | AE T 1 Fl p=1. 2, T8 1 A
p=L 7. T8 1 F p=1.9 M T . 24 i 5w &R
BOBCET 6 A8 /IMEI . RC HE S AE AT 5E 45 b Bl 5T 797 5
BN Cg N 1.0 M 1. 25) 1 48 T i 0 AN, —
MEAE 0.3 LN LR p=1.7 5 »=1. 9 IHIE . 42
TG T /N b B 4 o A A TS A b 0 4R T
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Fig.2 The effects of reinforcement coefficient on

reliability index with load case 1 and n=1.2
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Fig. 3 The effects of reinforcement coefficient on

reliability index with load case 1 and n=1.7
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Fig. 4 The effects of reinforcement coefficient

onreliability index with load case 1 and n=1. 9
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Fig.5 The effects of reinforcement coefficient on

reliability index with load case 2 and n=1. 2
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Fig. 6 The effects of reinforcement coefficient on reliability

index with load case 2 and n=1.7
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Table 10 Six largest ¢ values and its combinations for load case 2

AR, ik 7=1.2 7=1.5 =17 7=1.9
3.3 MAEMAERERATEELER #5 ¢4 No ¢ No. ¢ No. ¢ No.
[F) R, AE 2 4 e AT 6 R @ {E XTI Y 2H CL-1 1.196 146 1.320 146 1.510 147 0.928 141
o RIG K SMEH XN AL A w5 I AR 9 FIk CL-2 1.141 147 1.264 147 1.460 148 0.873 142
H =, % I ! =
L0 A R i AR ST PR T 08T 9= 1.9 CL-3 1.091 148 1.214 148 1.415 149 0.823 143
IR
CL-4 1.045 149 1.168 149 1.374 150 0.777 144
9 TR 164 : TR EA S H S
R TRIFOTBRAMIRMMMARRHES CL-5 1.004 150 1.127 150 0.786 141 0.765 101
Table 9 Six largest ¢ values and its combinations for load case 1
CL-6 0.614 156 0.686 156 0.756 160 0.752 118
gﬂé 77:],2 77:].5 77:].7 77:],9
5 4 No. ¢ No. ¢ No. é No. - . . N,
>k F Monte Carlo J5 X} £ Fh 41 4 18 % 28 15 40
CL-1 1.220 146 1.340 146 1.464 148 0.936 141 v ., e e .
FETEAA SRAF XS R () AT SE 5 A5 B . 25 R U1 . Y Il A
CL-2 1.160 147 1.280 147 1.413 149 0.876 142 S0 2 BCIURT 6 MR, B E TR 1 TN
CL3 1.104 148 1.224 148 1.368 150 0.820 143 Ft g HETE (p=1.2~1. 9. i T 2 & Fh 9 H
CL4 1.053 149 1.173 149 0.800 141 0.800 101 1T - RC HEZL 4 0] 52 45 A Bl B0 /5 & 19 38 m (g AL 1.0
| k1 A A ds e R RE 1 =
CL-5 1.008 150 1.128 150 0.748 158 0.769 144 HemE) 1. 25) By ox A BORFE BE 1 3G K B iR A |
e 0.5 DB AUERMEIF R R WL 11, ] W, it
CL-6 0.620 156 0.688 156 0.740 142 0.748 118 ) o e N N
s 34 A TC A5 2 X6 RTS8 A 0 B T RO AT
F11 FWHIRM g=1.2.1.7 AT EIEIRERH R T
Table 11  Variations of reliability index with reinforcement coefficient for two load cases,n=1.2 and 1.7
T 1 T2
HE
=1.2 =1.7 =1.2 =1.7
o 7 7 7 7
(=1.0 ¢=1.1 ¢=1.2¢=1.25¢=1.0 ¢=1.1 ¢=1.2 ¢=1.25 ¢=1.0 ¢=1.1 ¢=1.2 ¢=1.25 ¢=1.0 ¢=1.1 ¢=1.2 ¢=1.25
CL-1 1.488 1.750 1.983 2.083 2.619 2.850 3.063 3.185 1.436 1.698 1.926 2.035 2.582 2.834 3.026 3.111
CL-2 1.533 1.788 2.014 2.129 2.778 3.044 3.259 3.363 1.501 1.754 1.989 2.086 2.773 3.032 3.233 3.318
CL-3 1.588 1.840 2.067 2.173 2.972 3.220 3.406 3.534 1.561 1.807 2.043 2.148 3.010 3.215 3.438 3.477
CL-4  1.647 1.898 2.112 2.219 2.481 2.671 2.905 2.965 1.637 1.886 2.100 2.220 3.217 3.484 3.687 3.775
CL-5 1.722 1.964 2.170 2.270 3.187 3.372 3.624 3.791 1.703 1.959 2.167 2.275 2.392 2.559 2.781 2.873
CL-6 1.578 1.810 2.013 2.127 2.906 3.119 3.323 3.382 1.565 1.783 1.998 2.097 2.853 3.080 3.314 3.392
4 B 3)AE 3L S H 5 B e BBl 5 2 T A R T 2R R
‘Zalk

2 [E A O BE 1 BE AL PE L 20 B T AS [R] R T I A
TR e RC AR A2 P08 7T 58 B AR it 281
AR, EEANT .

1) 2 184w o B Bl ML RS 2 ) - K I RC A i 3
FALES GO NEE-PIEIN-LIE 3% A kNN NG|
e E RN Wi ARSI XN

2) TESCH S B4 3 L 25 G 7 5 e R B
A5/ IMELBE 388 A 1 A5 %o R SRS RS G B 1R B OR K
JeH RS I R RN 1.7 5 1.9 MIHE.
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Appendix Table 1 Combination values of four design parameters
No. e;/h Ag oM ON No. e, /h Ao oM ON No. e./h Ag oM oN
1 0.025 0.2 1 —0.3 61 0.05 0.4 1 —0.3 121 0.1 0.6 1 —0.3
2 0.025 0.2 1 —0.15 62 0.05 0.4 1 —0.15 122 0.1 0.6 1 —0.15
3 0.025 0.2 1 0 63 0.05 0.4 1 0 123 0.1 0.6 1 0
4 0.025 0.2 1 0.15 64 0.05 0.4 1 0.15 124 0.1 0.6 1 0.15
5 0.025 0.2 1 0.3 65 0.05 0.4 1 0.3 125 0.1 0.6 1 0.3
6 0.025 0.2 2.5 —0.3 66 0.05 0.4 2.5 —0.3 126 0.1 0.6 2.5 —0.3
7 0.025 0.2 2.5 —0.15 67 0. 05 0.4 2.5 —0.15 127 0.1 0.6 2.5 —0.15
8 0.025 0.2 2.5 0 68 0.05 0.4 2.5 0 128 0.1 0.6 2.5 0
9 0.025 0.2 2.5 0.15 69 0. 05 0.4 2.5 0.15 129 0.1 0.6 2.5 0.15
10 0.025 0.2 2.5 0.3 70 0.05 0.4 2.5 0.3 130 0.1 0.6 2.5 0.3
11 0.025 0.2 5 —0.3 71 0. 05 0.4 5 —0.3 131 0.1 0.6 5 —0.3
12 0.025 0.2 5 —0.15 72 0.05 0.4 5 —0.15 132 0.1 0.6 5 —0.15
13 0.025 0.2 5 0 73 0. 05 0.4 5 0 133 0.1 0.6 5 0
14 0.025 0.2 5 0.15 74 0.05 0.4 5 0.15 134 0.1 0.6 5 0.15
15 0.025 0.2 5 0.3 75 0. 05 0.4 5 0.3 135 0.1 0.6 5 0.3
16 0.025 0.4 1 —0.3 76 0.05 0.6 1 —0.3 136 0.2 0.2 1 —0.3
17 0.025 0.4 1 —0.15 77 0. 05 0.6 1 —0.15 137 0.2 0.2 1 —0.15
18 0.025 0.4 1 0 78 0.05 0.6 1 0 138 0.2 0.2 1 0
19 0.025 0.4 1 0.15 79 0. 05 0.6 1 0.15 139 0.2 0.2 1 0.15
20 0.025 0.4 1 0.3 80 0.05 0.6 1 0.3 140 0.2 0.2 1 0.3
21 0.025 0.4 2.5 —0.3 81 0. 05 0.6 2.5 —0.3 141 0.2 0.2 2.5 —0.3
22 0.025 0.4 2.5 —0.15 82 0.05 0.6 2.5 —0.15 142 0.2 0.2 2.5 —0.15
23 0.025 0.4 2.5 0 83 0.05 0.6 2.5 0 143 0.2 0.2 2.5 0
24 0.025 0.4 2.5 0.15 84 0.05 0.6 2.5 0.15 144 0.2 0.2 2.5 0.15
25 0.025 0.4 2.5 0.3 85 0.05 0.6 2.5 0.3 145 0.2 0.2 2.5 0.3
26 0.025 0.4 5 —0.3 86 0.05 0.6 5 —0.3 146 0.2 0.2 ) —0.3
27 0.025 0.4 5 —0.15 87 0.05 0.6 5 —0.15 147 0.2 0.2 5 —0.15
28 0.025 0.4 5 0 88 0. 05 0.6 5 0 148 0.2 0.2 5 0
29 0.025 0.4 5 0.15 89 0.05 0.6 5 0.15 149 0.2 0.2 5 0.15
30 0.025 0.4 5 0.3 90 0. 05 0.6 5 0.3 150 0.2 0.2 5 0.3
31 0.025 0.6 1 —0.3 91 0.1 0.2 1 —0.3 151 0.2 0.4 1 —0.3
32 0.025 0.6 1 —0.15 92 0.1 0.2 1 —0.15 152 0.2 0.4 1 —0.15
33 0.025 0.6 1 0 93 0.1 0.2 1 0 153 0.2 0.4 1 0
34 0.025 0.6 1 0.15 94 0.1 0.2 1 0.15 154 0.2 0.4 1 0.15
35 0.025 0.6 1 0.3 95 0.1 0.2 1 0.3 155 0.2 0.4 1 0.3
36 0.025 0.6 2.5 —0.3 96 0.1 0.2 2.5 —0.3 156 0.2 0.4 2.5 —0.3
37 0.025 0.6 2.5 —0.15 97 0.1 0.2 2.5 —0.15 157 0.2 0.4 2.5 —0.15
38 0.025 0.6 2.5 0 98 0.1 0.2 2.5 0 158 0.2 0.4 2.5 0
39 0.025 0.6 2.5 0.15 99 0.1 0.2 2.5 0. 15 159 0.2 0.4 2.5 0. 15
40 0.025 0.6 2.5 0.3 100 0.1 0.2 2.5 0.3 160 0.2 0.4 2.5 0.3
41 0.025 0.6 5 —0.3 101 0.1 0.2 5 —0.3 161 0.2 0.4 5 —0.3
42 0.025 0.6 5 —0.15 102 0.1 0.2 5 —0.15 162 0.2 0.4 5 —0.15
43 0.025 0.6 5 0 103 0.1 0.2 5 0 163 0.2 0.4 5 0
44 0.025 0.6 5 0.15 104 0.1 0.2 5 0.15 164 0.2 0.4 5 0.15
45 0.025 0.6 5 0.3 105 0.1 0.2 5 0.3 165 0.2 0.4 ) 0.3
46 0.05 0.2 1 —0.3 106 0.1 0.4 1 —0.3 166 0.2 0.6 1 —0.3
47 0.05 0.2 1 —0.15 107 0.1 0.4 1 —0.15 167 0.2 0.6 1 —0.15
48 0.05 0.2 1 0 108 0.1 0.4 1 0 168 0.2 0.6 1 0
49 0.05 0.2 1 0.15 109 0.1 0.4 1 0.15 169 0.2 0.6 1 0.15
50 0.05 0.2 1 0.3 110 0.1 0.4 1 0.3 170 0.2 0.6 1 0.3
51 0.05 0.2 2.5 —0.3 111 0.1 0.4 2.5 —0.3 171 0.2 0.6 2.5 —0.3
52 0.05 0.2 2.5 —0.15 112 0.1 0.4 2.5 —0.15 172 0.2 0.6 2.5 —0.15
53 0.05 0.2 2.5 0 113 0.1 0.4 2.5 0 173 0.2 0.6 2.5 0
54 0.05 0.2 2.5 0.15 114 0.1 0.4 2.5 0.15 174 0.2 0.6 2.5 0.15
55 0.05 0.2 2.5 0.3 115 0.1 0.4 2.5 0.3 175 0.2 0.6 2.5 0.3
56 0.05 0.2 5 —0.3 116 0.1 0.4 5 —0.3 176 0.2 0.6 5 —0.3
57 0.05 0.2 5 —0.15 117 0.1 0.4 5 —0.15 177 0.2 0.6 5 —0.15
58 0.05 0.2 5 0 118 0.1 0.4 5 0 178 0.2 0.6 5 0
59 0.05 0.2 5 0.15 119 0.1 0.4 5 0.15 179 0.2 0.6 5 0.15
60 0.05 0.2 5 0.3 120 0.1 0.4 5 0.3 180 0.2 0.6 5 0.3




